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(54) Electrospark deposition process and system for repair of gas turbine

(57)  Asystem and method for repairing a metal sub-
strate (22) includes an electrospark device (21) and an
electrode (20) removably supported in the electrode hold-
er. The electrospark device (21) applies a coating of a
material when placed into contact with the metal sub-
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strate (22). A cooling device (26) to lowers the tempera-
ture of shielding gas (24) flow below an ambient temper-
ature. A conduit (28) is arranged to direct a flow of the
shielding gas (24) to the interface (30) of the electrode
(20) and the substrate (22) to cool the area of the sub-
strate (22) receiving the coating.
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Description

[0001] The application generally relates to the repair
of gas turbine components. The application relates more
specifically to the use of an electrospark deposition proc-
ess to repair a gas turbine primary fuel nozzle.

[0002] Gas turbine engines include fuel nozzles to de-
liver combustion fuel to combustor components. Over a
period of extended use, fuel nozzles may experience de-
terioration, e.g, around the edges of the nozzle tip. There
is currently no efficient process available to repair a pri-
mary fuel nozzle that is manufactured with a brazed joint
between the nozzle tip and the body of the nozzle. Any
process to build a metal layer by traditional fusion welding
poses a risk that the brazed joint may be damaged by
the heat applied by the welding process. Also, distortion
induced by the welding process may not be acceptable
for the tolerances required of turbine components such
as a primary fuel nozzle. In order to avoid the risks as-
sociated with fusion welding, a process with a low heat
input has to be used. Laser cladding may be sufficiently
low temperature for restoring a nozzle tip to the correct
dimensions, but depositing metal on the edge of a nozzle
using laser cladding techniques is difficult.

[0003] An electrospark deposition (ESD) process is
known to have a very low heat input. The ESD transfers
stored energy to a consumable electrode, e.g., carbides
(W, Ti, Cr etc) stainless steel, aluminum, and other elec-
trode compositions. The temperature on the tip of the
electrode may be in a range of about 5000 to about
10,000 °C. The electrode material is ionized and trans-
ferred to the substrate surface, producing an alloy with
the substrate and a deposition on the alloyed electrode-
substrate interface. The deposited layer bonds metallur-
gically on the alloyed substrate and electrode material.
[0004] ESD is used for cosmetic repair of gas turbine
components. One challenge that the ESD process must
overcome is overheating of the electrode and the local
substrate, e.g., in afuel nozzle, where a brazed joint may
be compromised by local heating caused by welding or
ESD techniques. What is needed is a local cooling proc-
ess that provides ESD on a fuel nozzle without overheat-
ing the electrode and local substrate. Intended advan-
tages of the disclosed systems and/or methods satisfy
one or more of these needs or provide other advanta-
geous features. Other features and advantages will be
made apparentfromthe present specification. The teach-
ings disclosed extend to those embodiments that fall
within the scope of the claims, regardless of whether they
accomplish one or more of the aforementioned needs.
[0005] One aspect of the invention relates to a method
of repairing a metal substrate includes the steps of pro-
viding a substrate; providing an electrospark deposition
device with a consumable electrode; providing a shield-
ing gas; cooling the shielding gas to lower the tempera-
ture of the gas below an ambient temperature; establish-
ing a continuous spark between the electrode and the
substrate; directing a flow of the shielding gas at an in-
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terface of the electrode, the substrate and the spark; and
depositing an alloyed coating until a desired coating
thickness is obtained.

[0006] Another aspectof the invention relates to a sys-
tem for repairing a metal substrate includes an electro-
spark device and an electrode removably supported in
the electrode holder. The electrospark device applies a
coating of a material when placed into contact with the
metal substrate. A cooling device to lower the tempera-
ture of shielding gas flow below an ambient temperature.
A conduit is arranged to direct a flow of the shielding gas
at an interface of the electrode and the substrate to cool
the area of the substrate receiving the coating.

[0007] The presentinvention also resides in a method
for repairing a primary fuel gas nozzle tip with a very low
heat input that will not impair a nearby brazed joint. Cur-
rent technology in the ESD process uses a shielding gas
to cool the electrode only, to prevent oxidation. In the
present disclosure, a cooled shielding gas of argon or
nitrogen is applied to both the electrode and the area of
the substrate in contact with the electrode.

[0008] Another advantage is that the disclosed ESD
process may be operated continuously as long as is nec-
essary to deposit a required coating thickness.

[0009] Still another advantage is the low temperature
of the electrode and substrate, as the measured temper-
ature on the electrode is less than 200° F.

[0010] Yet another advantage is the ability to provide
a coating thickness of between 2 and 10 mils, which is
sufficient to salvage some gas nozzles. Also, a thicker
coating of ESD may be deposited if needed.

[0011] Alternative exemplary embodiments relate to
other features and combinations of features as may be
generally recited in the claims.

FIG. 1 shows an exemplary fuel nozzle for a gas
turbine engine.

FIG. 2 shows a partial cross-sectional view of a
brazed joint between a fuel nozzle tip and a body of
the fuel nozzle.

FIG. 3 shows an exemplary cooling apparatus for
ESD and substrate.

FIG. 4 shows a magnified cross-sectional view of an
exemplary repaired nozzle tip.

FIG. 5 shows a flow chart describing the method of
the present disclosure.

[0012] Referring to FIGS. 1 and 2, a fuel nozzle 10
includes a nozzle tip 12 in fluid communication with a
nozzle body 16 and a fuel gas flow 14 therethrough. Noz-
zle tip 12 is connected to nozzle body 16 by a brazed
joint 18 (FIG. 2).

[0013] Referring nextto FIG. 3, an electrospark depo-
sition (ESD) process is shown. The ESD provides a suit-
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able thickness of electrode material to repair the sub-
strate, e.g., a fuel nozzle tip 12 (FIG. 1). An electrospark
device 21 supports and drives a consumable electrode
20. Electrode 20 is placed into contact with a metal sub-
strate 22, which in this example schematically represents
the nozzle tip 12. Electrode 20 is composed of material
suitable for forming a metallurgical bond with substrate
22. A shielding gas flow 24 is first introduced to a cooling
device 26 to lower the temperature of the shielding gas
flow 24 below the ambient temperature. Cooling devices
for shielding gases, e.g., argon, nitrogen, or helium, are
known to those skilled in the art. Electrode 20 and sur-
rounding substrate 22 of the work piece 12 are cooled
by shielding gas 24 passing from cooling device 26
through a supply conduit 28. Supply conduit 28 directs a
flow of shielding gas 24 to the interface 30 of electrode
20 and substrate 22.

[0014] Gas fuel nozzle tip 12 is mounted in a rotatable
positioner having a rotary speed adjustment. The ESD
electrode 20 is secured to nozzle tip 12 with an applied
torque to establish a continuous spark between electrode
20 and substrate 12, 22 to be repaired. The rotational
speed of the ESD electrode may be adjustable as well.
Cooled shielding gas 24 is then supplied to the interface
30 of electrode 20 and substrate 12, 22. Shielding gas
24 cools both the substrate 12, 22 surface and the elec-
trode tip in the area of the electrospark. The reduced
process temperature allows the coating process to op-
erate continuously until a desired coating thickness is
achieved. In one embodiment the temperature of the
electrode tip and the area surrounding the electrode tip
during the ESD process may be reduced to less than
200° F. In one embodiment a coating thickness ranging
between 2 and 10 mils is applied. A thickness of about
2 to 10 mils is sufficient to salvage some worn gas noz-
zles. In another embodiment a thicker coating of ESD
may be deposited if needed.

[0015] Referring nextto FIG. 4, a magnified cross-sec-
tion of a repaired nozzle tip 12 shows a fusion bonded
interface 36 between the ESD coating 34 and nozzle tip
12. The nozzle tip 12 was repaired using the ESD coating
process described above. The brazed joint 18 is undam-
aged following the ESD coating process.

[0016] Referring nextto FIG.5, aflow chartis provided
to describe the method of the present disclosure. At step
100, the method begins by placing an ESD electrode into
contact with a nozzle tip. At step 102, the method pro-
ceeds to cool the shielding gas flow to lower the temper-
ature of the gas. Next, at step 104, the gas fuel nozzle
tip is mounted in rotatable positioner having rotary speed
adjustment. At step 106, the method proceeds to estab-
lish a continuous spark between the ESD electrode and
the substrate of the nozzle tip. Next at step 108 the meth-
od proceeds by passing cooled shielding gas through a
supply conduit to direct flow of shielding gas at the inter-
face of electrode and substrate. Finally, at step 110, the
method continues by operating the ESD coating process
until a desired coating thickness is applied over the sur-
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face of the nozzle tip.

[0017] It should be understood that the application is
not limited to the details or methodology set forth in the
following description or illustrated in the figures. It should
also be understood that the phraseology and terminology
employed herein is for the purpose of description only
and should not be regarded as limiting.

[0018] Itis important to note that the construction and
arrangement of the ESD system as shown in the various
exemplary embodiments is illustrative only. Although on-
ly a few embodiments have been described in detail in
this disclosure, those who review this disclosure will read-
ily appreciate that many modifications are possible (e.g.,
variations in sizes, dimensions, structures, shapes and
proportions of the various elements, values of parame-
ters, mounting arrangements, use of materials, colors,
orientations, etc.) without materially departing from the
novel teachings and advantages of the subject matter
recited in the claims. For example, elements shown as
integrally formed may be constructed of multiple parts or
elements, the position of elements may be reversed or
otherwise varied, and the nature or number of discrete
elements or positions may be altered or varied. Accord-
ingly, all such modifications are intended to be included
within the scope of the present application. The order or
sequence of any process or method steps may be varied
or re-sequenced according to alternative embodiments.
Inthe claims, any means-plus-function clause is intended
to cover the structures described herein as performing
the recited function and not only structural equivalents
but also equivalent structures. Other substitutions, mod-
ifications, changes and omissions may be made in the
design, operating conditions and arrangement of the ex-
emplary embodiments without departing from the scope
of the present application.

[0019] It should be noted that although the figures
herein may show a specific order of method steps, it is
understood that the order of these steps may differ from
what is depicted. Also two or more steps may be per-
formed concurrently or with partial concurrence. Such
variation will depend on the software and hardware sys-
tems chosen and on designer choice. It is understood
that all such variations are within the scope of the appli-
cation. Likewise, software implementations could be ac-
complished with standard programming techniques with
rule based logic and other logic to accomplish the various
connection steps, processing steps, comparison steps
and decision steps.

[0020] While the exemplary embodiments illustrated in
the figures and described herein are presently preferred,
it should be understood that these embodiments are of-
fered by way of example only. Accordingly, the present
application is not limited to a particular embodiment, but
extends to various modifications that nevertheless fall
within the scope of the appended claims. The order or
sequence of any processes or method steps may be var-
ied or re-sequenced according to alternative embodi-
ments.
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Claims

A method of repairing a metal substrate (22) com-
prising:

providing substrate (22);

providing (100) an electrospark deposition de-
vice (21), the electrospark deposition device
(21) configured to hold a consumable electrode
(20) with adjustable rotary speed;

providing a shielding gas (24);

cooling (102) the shielding gas (24) to lower the
temperature of the gas below an ambient tem-
perature;

establishing (106) a continuous spark between
the electrode (20) and the substrate (22);
directing (108) a flow of the shielding gas (24)
to the interface (30) of the electrode (20), the
substrate (22) and the continuous spark; and
depositing (110) an alloyed coating (34) until a
desired coating thickness is obtained.

The method of claim 1, further comprising the step
of continuously operating the electrospark deposi-
tion coating process until a desired coating (34) thick-
ness is applied over the surface of substrate (22).

The method of claim 1 or 2, further comprising one
or both of adjusting a rotational speed of the sub-
strate (22) relative to the electrode (20), and adjust-
ing a rotational speed of the electrode (20) relative
to the substrate (22).

The method of any preceding claim, further compris-
ing rotatably mounting the substrate (22) in a posi-
tioner.

The method of any preceding claim, further compris-
ing repeating the previous step of depositing (110)
an alloyed coating (34) until a desired coating thick-
ness is obtained.

The method of any preceding claim, further compris-
ing forming a metallurgical bond between the sub-
strate (22) and the alloyed coating (34) on a surface
of the substrate (22).

The method of any of claims 3 to 6, wherein the rotary
electrode (20) comprises an electrode material suit-
able for forming a metallurgical bond with the sub-
strate (22).

The method of any preceding claim, wherein the step
(102) of cooling the shielding gas (24) further com-
prises introducing the shielding gas (24) into a cool-
ing device (26).

The method of any preceding claim, wherein the step
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10.

1.

12.

13.

14.

15.

(110) of depositing an alloyed coating (34) further
comprises depositing an alloyed coating (34) with
the ESD deposition device (21) adjacent to a brazed
joint (18) on the substrate (22) without thermally
damaging the brazed joint (18).

The method of any preceding claim, wherein sub-
strate (22) is a fuel gas nozzle (10).

A system for repairing a metal substrate (22) com-
prising:

an electrospark device (21) and an electrode
(20) removably supported in the electrode hold-
er; the electrospark device (21) configured to
apply a coating (34) of a material when placed
into contact with the metal substrate (22); and
a cooling device (26) to lower the temperature
of shielding gas (24) flow below an ambient tem-
perature;

a conduit (28) arranged to direct the shielding
gas (24) flow at an interface (30) of the electrode
(20) and the substrate (22).

The system of claim 11, wherein the interface (30)
is located at the point of contact of the electrode (20)
with the substrate (22) where an electrospark is gen-
erated.

The system of claim 11 or 12, wherein the electrode
(20) is secured to a nozzle tip (12) under an applied
torque to establish a continuous spark between the
electrode (20) and the substrate (22) to build up a
surface of the substrate (22).

The system of any of claims 11 to 13, wherein the
substrate (22) is mounted in a rotatable positioner
having a rotary speed adjustment and wherein a ro-
tational speed of the electrode (20) is adjustable.

The system of any of claims 11 to 12, wherein the
electrode (20) and substrate (22) are cooled by the
shielding gas (24) passing through the conduit (28).
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100

Place ESD electrode into contact with a
nozzle tip

102

Cool shielding gas flow to lower the
temperature

104

Mount gas fuel nozzle tip in rotatable
positioner having rotary speed adjustment

106

Establish a continuous spark between
electrode and substrate

108

Pass shielding gas from cooling device
through a supply conduit to direct flow
of shileding gas to the interface of
electrode and substrate
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Operate the ESD coating process until a
desired coating thickness on repaired
nozzle tip is achieved
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